Booster damper logbook part 4

Progress notes by Bill Ashmanskas

2008-08-05, continued

Here was the list, from earlier today, of things to do soon:

· big picture things

· Read out FIFO data for all buckets in parts of cycle that consistently show large values of damper error signal, and do fourier analysis to see what the source may be 

· Is it possible to make damper immune from rapid closed-orbit motion? 

· For instance, replace X[N] - X[N-2] with X[N] - 2*X[N-2] + X[N-4]  (in fractional tune=0.75 limit) ?

· Try looking at beam profile upon extraction, for study cycles on which chromaticity is reduced and damper is on

· Try damper on NuMI cycles 

· Make damper usable for entire Booster cycle, not just above transition 

· small picture things 

· Put back multiplicative gain factor (DDXBBG), in series with the gain ramp table that I recently added

· Put sum signal into third ADC channel, so that in principle we can reconstruct beam position from damper FIFO data, and can factor out the various longitudinal effects that affect the amplitudes we see on pickups 

· This also makes it possible lay the groundwork for eventual longitudinal bunch-by-bunch damper! 

· Multiplex even more diagnostic signals for slow DAC output 

· Replace the sum/difference hybrids I borrowed from Dave Peterson with Brian Fellenz's sum/difference amplifiers 

· Remove excess cable length from ADC and clock inputs 

· Play out a fake betatron oscillation signal on third high-speed DAC channel 

· Makes it possible to test firmware updates without (ugh!) using the beam as a pulser 

· Makes it possible to ensure that digital circuit is doing what we think it is doing, under controlled circumstances 

· Enables open-loop "beam transfer function" measurement, to verify negative feedback near tune lines

· Think through, finalize, and eventually document the various damper control knobs 

· The knobs that will stay should move from I: to B: device names

· things needed before initial try at operational use

· Bill Pellico would like to ask Alex Waller to write a damper console application so that the operators have one-stop-shopping for damper knobs and diagnostics 

· Follow through on remote control of amplifiers' on/off state


Today I removed Dave Peterson's sum/difference hybrids and in their place ran the four pickup signals through a pair of Brian Fellenz's sum/difference amplifier boxes -- something I needed to do before John Seraphin gets started with his rearranging.  The FIFO data still look good (though initially I misphased at least one of the ADC inputs).    I use attenuation for now to make up for the fact that we may not need much gain on the difference signal.  (Brian's box amplifies the difference x10.)

I have a sum signal now feeding the third ADC on dampr4, but I haven't connected the logic yet.  I think it will be quite handy to read this out.  One thing that is immediately rather mysterious is that some of the activity that appears every pulse on the filter trace continues to appear when I feed the damper logic from the sum signal instead of the difference signal!  That seems worth taking the time to understand.

I'm really curious now what is happening in the parts of the cycle that show up in the filter trace in about the same spot every pulse.  I intend to read out every bunch for those spots and see if I can figure out what is going on.

At some point while my $17 cycles went away, I decided to go ahead and remove the superfluous delay cable from both clock input and ADC inputs.  I took out about 1.5 buckets worth of cable from each path, so I expect to have to add that into the kicker delays to get the damper to damp again.  Will try that tomorrow.

2008-08-06

I haven't been able to run $17 cycles yet today, because the extraction kicker that sends Booster beam to the beam dump (MKS10) has been under repair all day.  So I've been doing other little things.  One such thing was to remove the unused bits (bits that are always zero or that always track the sign bit) from the 3-turn filter computation.  So now the value propagated through the arithmetic is 13 bits wide -- the difference of two 12-bit ADC samples that are half an RF period apart.  My real motivation in doing this is to understand that magnitudes of the values that propagate through the entire pipeline, the most suitable range of gains, precisions, bit widths, etc.

In parallel with working on minutia, I've been trying to understand some of the pulse-to-pulse patterns in the 3-turn filter output.  The graph below shows the X and Y filter output on a NuMI cycle (damper off, just watching).  I am trying to understand some of the hot spots.  To start, I read out every bunch near turn 18500.
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Below are graphs of the horizontal filter vs. turn/1000 from turn 17500 to 19500 for a NuMI cycle.  I draw bunch 20 in black and bunch 28 in red.  It looks as I am seeing synchrotron oscillations in a mode whose period is around 16 buckets.  Interesting!  Of course I don't really want to damp synchrotron oscillations with a transverse damper.  Perhaps this is why Alvin asked me about the dispersion at the pickup.
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I see this on the vertical pickup, too, but with about 1/4 the amplitude.  The below plot is from the vertical pickup.  On the top I show the usual Y[N]-Y[N-2].  On the bottom I show a filter variable that may cut out some of the slow motion:  0.5*(Y[N] - 2*Y[N-2] + Y[N-4]).
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Below, here is the same comparison, absolute value averaged over bunches, zoomed out to show about half of the cycle.  The lower half is the 3-turn filter and the upper half is the 5-turn filter, for the Y pickup.
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Below, here is the same comparison for the X pickup.  5-turn filter (upper) is much quieter, especially around the places where the rpos loop is active.  But will it damp?
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Below, you can see (upper) the single-turn X signal (proportional to horizontal beam position) and (lower) the 5-turn filter.  Incidentally, the Booster TBT shows that the bump around transition is around 25mm from end to end.  (By the way, the pickup and the vertical kicker are in Long 11, and the horizontal kicker is in Long 9.)
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Alternatively, I could subtract off a 3-turn average of the filter value over the whole machine, as a kind of high-pass filter (84*3=252, nearly a power of two, easy to normalize).  That should filter out the rapid rpos motion but won't take out synchrotron oscillations.  I think I like the 5-turn filter idea, with coefficients chosen to reject both DC and constant-velocity orbit offsets.  It easily reduces to the 3-turn case, if necessary.  Hmmmm.

Before adding this complication, I want to make sure that last night's cable length adjustments and today's logic tweaking didn't break anything.

OK!  I managed to time both X and Y dampers back in.  I added 1.75 buckets' delay (at high energy) to each kicker delay.  To get the low-frequency part right, I should at some point in the future add 33 ns to the frequency-dependent offset (which is by construction zero at high energy).

Then I re-read the instructions I got from Ray Tomlin back in March 2006, and managed on my own to re-enable the modified sextupole ramps that Bill Pellico and I were using on Monday.  First, here are my notes from talking with Ray:
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Here is the normal Booster SEXSA/SEXSB ramp:
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Here is the modified ramp:
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Here is a snapshot plot, with the explanation that I wrote in the Booster logbook:
-- Wed Aug 6 17:15:28 comment by...Bill --  I guess I'll add explanations for this graph and the two below. This is a snapshot plot of Booster beam intensity, horizontal and vertical damper "filter" power, and horizontal kicker power. I gave the last one an obscure device name because I intend to multiplex B:DDDAC0 and B:DDDAC1 between several different diagnostic uses, the default being H and V damper kicker power. (Or maybe I'll just add more MADC outputs from the damper and make things more transparent.) 

You can see that with the damper off, there is beam loss around 31 ms. This is with the flattened-out ramp (below, first one) for B:SEXSA and B:SEXSB. The normal ramp is shown as the second graph below.
-- Wed Aug 6 17:18:36 comment by...Bill A --  The implication, I think, is that a pretty dramatic change in Booster chromaticity permits the growth of an instability, but that the damper is capable of damping that instability. Good news for the damper! This is a result that Bill Pellico and I saw earlier this week, but we didn't have time to document it then, and I wanted to try to reproduce it today.
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The pulse on which the green trace shows beam loss is the same pulse on which the red and yellow curves show large betatron motion.  That's the pulse on which the damper was off.
For a pulse with the damper on (and the modified sextupole ramp playing out), I show below the X damper 3-turn filter (top) and 5-turn filter (bottom).  You can see that the 5-turn filter removes the synchtrotron fuzz, since it is so slow.
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Here are the same two, for a pulse with damper turned off.  Note zoomed-out vertical axis.
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Same thing, zooming in a bit on the vertical axis:

[image: image13.png]a0
60
40
20

—20
—40
-80
-80

,
2000

, L L
14000 16000 18000 20000

2000

14000 16000 18000 20000



 

Here is an overlay of 3-turn filter (black) and 5-turn filter (red) for the part of the cycle in which beam is oscillating wildly.  They are essentially identical.  Among other things, I think this shows that tune=0.75 is a useful approximation.  3-turn is X[N] - X[N-2], while 5-turn is X[N] - 2*X[N-2] + X[N-4].
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Finally, here is an overlay of the 3-turn (black) and 5-turn (red) filter, for a much quieter part of the cycle.  Again, using 5 turns removes the synchrotron fuzz.  The two graphs differ only in the order in which the two curves are drawn, so that you can see both curves more clearly.
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ep1
Now I'm just dying to try the 5-turn filter in the real damper and not just in fake readout!

Oh, meanwhile, I saved a few files of FIFO data on clx55.  For all of these, the funny SEXTS curves are loaded.
  fifo014 : damper on, summary readout (one record per turn)
  fifo015 : H damper off
  fifo016 : dampers on again
  fifo017 : dampers on, bunch-by-bunch readout of X data only
  fifo018 : H damper off, bunch-by-bunch readout of X data



The 5-turn filter seems to work OK!  I collected a bunch of FIFO data files.

One thing I want to do early tomorrow morning is to read out NuMI cycles and to see whether subtracting out the turn-average filter value eliminates the rpos activity in the damper filter display.




